A new method of heating uses the natural electrical resistance of the food to generate heat. In this method electrical energy is transformed into thermal energy. This kind of food heating processing operation is called ohmic heating. The rate of ohmic heating critically depends on the Electrical Conductivity of the food during the process. Reviewing a number of researches shows that the usage of direct current for ohmic heating process causes electrolyze in liquid beverages. Moreover, usage of alternating current eliminates the probability of adverse electrochemical reaction. In addition, when the frequency increases, the risk of oxidation in electrodes will decrease. In this regard, for heating different kinds and sizes of food, it is necessary to have an electrical power source with variable output voltage and frequency. This research attempts to design and simulate the variable voltage and frequency electrical power source to feed a 10 kW ohmic heating process at high frequency (10 kHz). The ohmic heating load is simulated by three-phase resistive load. According to Joule's first law, the temperature in heat generation process is closely related to electrical power and time of process. Hence, in this simulation, the value of temperature is controlled by value of power that is generated by current which flows through resistive load with control of the time period and the duty cycle. Furthermore, one of the most important things to have an effective ohmic heating process is supplying the continuous current during the process. The result of this study indicated a simple method to supply a continual current for load during the ohmic heating process.
I.
INTRODUCTION Heating is one of the important steps in food processing. Heat treatment is the most common method in food industry for cooking, enzymatic inactivation of raw biomaterials and conservation [1] . The modern method of heating uses the natural electrical resistance of a material to generate heat [2] . In this method electrical energy is transformed into thermal energy. The heats will generate internally within foods by passage of an alternating electric current [3] . This kind of food heating operation is called ohmic heating. The process could heat solid particles as fast as liquids. Ohmic heating is able to produce high temperature for short time sterilization technique on particulate foods. The rate of ohmic heating critically depends on the electrical conductivity of the foods during the process [4, 5] . It is important to consider any in homogeneities which may happen in the process to produce safe, high quality food [2] .
To design a suitable electrical power supply to compete with ohmic heating process for liquid beverage system, it is important to know the electrical conductivity as well as the influence of temperature, size, density of particles and behavior of the load at different voltages and frequencies. According to the experiment for determining alternation in electrical conductivity, in some foods and different fresh fruits, it was expressed there is linear relationship between conductivity and temperature. In all cases, conductivities have increased linearly with temperature [4] [5] [6] . Electrical field and electrical conductivity which depends on temperature of the product, have no effects on ascorbic acid degradation [6] . In a solid-liquid mixture, a cold shadow within the liquid could affect lower electrical conductivity [2] . The effects of multiple thermal treatments and field strength on electrical conductivity of liquid and solid products have been considered [2, 4, 6, 7] .
A number of researches were done on the relationship between electrolytic corrosion and frequency. To eliminate the possibility of adverse electro-chemical reactions and minimize power supply complexity and cost, the low frequency alternating current (50 or 60 Hz) from the public mains supply is used [3] . A multifrequency ohmic heating system with 30 Hz~1 MHz range which could deliver 250 watts for measuring electrical conductivity and absolute dielectric loss of food samples is developed. As a result the electrolytic corrosion diminishes with frequency [8] . The effect of frequency and voltage on enhanced diffusion during moderate electric field treatment was studied when frequencies range was from 0 (direct current) to 5000 Hz [9] . Recently, investigation on ohmic heating's effect on cell membranes of cellular food material by measurement of dielectric spectra from 100 Hz to 20 kHz was carried out, showing that there was no relation between frequency and changing in value of electrical conductivity [10] . The use of direct current for ohmic heating process could cause electrolyze in liquid beverage. Moreover, the use of alternating current eliminates the probability of adverse electrochemical reaction. In addition, when the frequency increases, the risk of oxidation in electrodes will decrease [3, 8, 10] .
The advantage of using high frequency in ohmic heating process has also been collected [11] . It suggests 10 kHz power source that it was especially designed for 10 kW ohmic heating process. One of most important things in control of effective ohmic heating process is the electrical source must provide continuous current during the process [1, 2] , as well as will result in changing electrical polarity rapidly and alternatively in electrodes to reduce the effect of electrolysis which is in fact noteworthy [3, 8, 10] . The PWM method is used [11] to reduce the harmonic in output contravenes theories [3, 8, 10] , in view of the PWM method that is used in his work, is able to decrease the speed of changing the electrical polarity in electrodes. So, the electrolyze phenomenon and electrochemical effects in the food which is under process was not eliminate completely.
Many researches have been conducted to investigate the effect of frequency and electrical conductivity of food in thermal treatment, electrolyze and oxidation in electrodes. However none of them used the power supply which is designed for an ohmic heating process as an electrical load. In this research, the author attempts to expand the work of [11] . The objectives of this research are (1) to suggest a correction in the variable high frequency voltage source for an ohmic heating process worked by author of [11] ; (2) to design and simulate the variable voltage and frequency electrical power source for feeding a 10 kW ohmic heating process at high frequency (10 kHz); and (3) to indicate a simple method to supply a continuous current for load during the Ohmic heating process.
II. METHODOLOGY

Simulation
The ohmic heating module consists of three metal electrodes that were fabricated inside a short tube (Fig. 1) . These electrodes are connected to a three-phase electrical power supply. The electrical current passed between the liquid beverages that flow between these electrodes.
In this research the ohmic heating load is simulated by 10 kW a three-phase resistive load that is shown in Fig. 2 .
According to Joule's first law, the temperature in heat generation process is closely related to electrical power and time of process [12] . Hence, in this simulation, the temperature is controlled by adjusting the power that is generated by current which flows through resistive load with control of the time period and the duty cycle. Moreover, to reduce the effects of electrolyze in product under process and oxidation in electrodes [1, 3, 8, 10] and to improve the work of author [11] , the PWM is improved by changing to the gate switching control (TABLE 1) .
This method proposes to change the output polarity as fast as possible. The full circuit of ohmic heating electrical power source is shown in Fig. 3 . The switching frequency of IGBTs that are used as parts of ac to dc converter can vary from 1 kHz up to 10 kHz. As a method the (1) is propounded to calculate the value of switching frequency of MOSFET. Likewise, in this frequency the value of C dc was calculated using the (2):
Where: R is 12, t off is the time that MOSFET is off, D is the duty cycle and F MOSFET is the switching frequency of MOSFET. In addition, the value of D must be chosen in critical condition.
According to Fig. 6 the switching frequency of MOSFET used in dc to dc step down converter is 1595 Hz and in respect to Fig. 5 the duty cycle was varied from 0.1 up to one. This frequency is obtained by using the standard value of capacitance C dc . At this frequency the THD is also found to be at the minimum value.
III. RESULTS
The ohmic heating load power is provided by ohmic heating electrical power source that is shown in Fig. 2 . The result of this study indicated that the C dc is used as voltage ripple filter for variable voltage dc to dc converter is able to supply a continuous current for load during the ohmic heating process (Fig. 4) . Therefore, the C dc is able to provide a continuous current during the ohmic heating process that was pointed by [1, 2] .
The value of THD is one of the most important factors to design a power electronic converter. Hence, in this research the effect of C dc on the value of THD has also been investigated. The THD values are investigated when the pulse generator is operating at 500 Hz, 1000 Hz, 1500 Hz and 2000 Hz; the duty cycle at 10%, 25%, 50%, 75% and 99.99%; the value of C dc was 100 ȝF. It is observed that for all frequencies the THD has minimum value when the duty cycle is 10%. This result is shown in Fig. 5 .
Moreover, to find the accurate value of capacitor to provide continuous current in critical condition, the duty cycle chosen 10%.
In another study, the THD curves (Fig. 6 ) are obtained for 500 Hz, 1000 Hz, 1500 Hz and 2000 Hz switching frequencies of dc to dc converter by varying C dc from 10 ȝF up to 220 ȝF where the value of duty cycle of pulse generator in critical condition was set at 10%.
As a result, it is observed that if the value of C dc is very small or open circuit, then the current to the load is discrete (Fig. 7) .
Moreover it appeared that by increasing the value of C dc from 10 ȝF up to 220 ȝF, the continuous current (Fig. 8) flows in load where the THD value become less than one. As a result, the best value of C dc can be determined where the THD is a minimum value.
The value of P out was calculated using equation (3):
Then:
ca bc ab out
The output power and power of each phase are shown in Fig. 9 .
To investigate the effect of C dc on output power, the results are obtained when value of C dc was 10 ȝF, 22 ȝF, 47 ȝF, 100 ȝF, 220 ȝF and open circuit, the switching frequency of MOSFET was 1595 Hz and the duty cycle was 10%. The data of this investigation are collected and shown in Fig. 10 . This research after comparison of Fig. 6 and Fig. 10 reported that the optimum value of C dc , the MOSFET switching frequency and duty cycle are related to each other.
The numeric results of this study have strongly proven the validity of (1) and (2).
IV. CONCLUSION
For heating different kinds and sizes of food, it is necessary to have an electrical power source with variable output voltages and frequencies. This research attempts to design and simulate the variable voltage and frequency electrical power source to feed a 10 kW ohmic heating process at high frequency (10 kHz). The ohmic Heating load was simulated by three-phase resistive load. In this simulation, the value of temperature was controlled by value of power that is generated by current which flows through resistive load with control of the time period and the duty cycle. The result of this study indicated that the capacitor used to eliminate the voltage ripple was able to supply a continuous current to load during the ohmic heating process. Furthermore, to have a continuous current for load, the optimum value of C dc is determined when the THD is at the minimum value. 
